High grade quality in fine-line printability, non-porosity of fired film and adhesion to substrate is required for gold conductor pastes applicable to multilayer or high density circuit. Many kinds of gold pastes were made by the changing of types and contents of main components such as gold powder, glass frit and organic vehicle. The important properties of the fired samples of the above pastes on alumina substrate and fired dielectric pastes were compared.
INTRODUCTION
During recent years, technology for fabricating hybrid integrated circuits has advanced, in respect to their circuit density, function multiplicity, and performance.
Up to quite recently, gold conductor paste had been used almost exclusively, and requirements on their characteristics are becoming increasingly rigorous.
With the rising prices of precious metals, gold conductor paste is being replaced by that of Ag/Pd or further by that of base metals to a limited extent, but for high performance quality applications, gold paste is still mainly expected to be used.
The main characteristics required of gold conductor paste for high density circuits are as follows.
1) Fine-line printability 2) Non-porosity of fired films 3) High conductivity 4) Adhesion to substrates or to dielectrics 5) Wire bondability
In view of the increasing demand for multi-layer systems, various types of gold paste compositions were tested with respect to these characteristics in conjunction with alumina substrates and dielectrics. Although many papers on fine-line printability of gold conductor paste have been published 2, 3 already, most 31 of these papers regard 100-125 #m as the limit for line width and spacing. In the present experimental study, finer line printability was pursued.
SAMPLES
Depending on the composition, gold paste is classified into following types. The compositions of the main nine types of sample gold paste are shown in Table I .
As mentioned before, these gold paste samples were tested not only on alumina substrates, but also on dielectric layers, in consideration of multi-layer applications.
The main characteristics of the dielectric paste used are shown in Table II . This dielectric paste containing glass frit component to which filler was added as a part had good structural stability and thermal conductivity. 2 Edge roughness.
Composition
The smoothness of printed edge lines is an important factor in fine-line printing, and is expressed in edge roughness as defined in Figure 2 . While Paste 1 showed an edge roughness of 25 pm max., Paste 6 showed the possibility of an edge roughness below 17 pm.
With respect to edge roughness, the results of the present tests were as follows.
1) Mixed bond type paste samples showed better edge roughness than fritted type paste samples.
2) The higher the gold content the more inferior the edge roughness of the printed patterns tended to become, and the optimum gold content for fritted type paste was around 85%, and that for fritless type paste was around 90%.
3) For the same compositions, gold powder B showed better edge roughness than gold powder A.
4) The addition of a small amount of glass frit improved printability, but printability was adversely affected in the case of over 4% frit. 2) As might be expected, a smaller glass content was contributed to lower resistance.
Printing condition
3) Addition of Bi20 was effective in reducing the resistance, up to 2.0%. Figure 3 shows the change in the resistance accompanying the change in Bi20 contents.
b) Sheet resistivity
With test samples made in the form of the 2 40 mm test pattern shown in Figure 1 (c) , the resistance was measured with the 15/m thick film using the same instrument as used to measure line resistivity. As can be seen from the measurement results shown in Table I , the same tendency as with line resistivity was observed.
Adhesion to Substrate or Dielectrics
The adhesion of fired gold film on substrates and Figure 4 .
The samples were taken out of the PERCLENE bath at 5, 15, 30, 45 and 60 minutes after the start, and the adhesion was evaluated by the time that the line disconnection began to occur.
An ultrasonic wave at 29 kHz was generated by an ultrasonic generator at an output level of 150 W. The results shown in Table I 
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2) On alumina substrates, the addition of Cu:O, MgO, SiO:, Bi:O and CdO had favorable effect on adhesion.
3) On dielectric layers, the lower the glass content of paste, the stronger the adhesion was.
4) The addition of Bi:O was effective in improving adhesion of paste to dielectric layers. Bonding strength was measured by a dial tension gauge made by CORREX, as shown in Figure 5 .
Gold wires were broken at five failure modes, A through E, as shown in Figure 5 .
The results of the measurements are shown in Table   1 in mean values. For the three main paste samples, the maximum and minimum bonding strength values, mean values, and the failure modes are shown in Figure 6 . As can be seen from these results;
1) The higher the gold content of paste the higher its strength was.
2) The smaller the glass content of paste, the higher its strength was. Figure 7. 
Additives
Bi20 itself has a melting point of 825C, and when it is once melted, its viscosity decreases sharply and acts somewhat as flux. When it is added in small quantity, it helped gold powder and glass to come into closer contact, and in this way it was very effective in reducing the resistivity and porosity of fired films.
CUE0 was effective in improving the adhesion of fired films, but when it was added excessively, the surface became tarnished.
MgO, SiO 2, CdO, etc. had the same effects as described earlier.
CONCLUSION
Under a development program for gold conductor paste for high-density circuit applications, several gold conductor compositions were made based on improved gold powder and adjusted contents.
Mixed bond type paste was confirmed to be advantageous when used on alumina substrates, and fritless paste was found to be superior when used on dielectrics.
With these types of paste, a fine line printability of 70/m line width and spacing was possible under usual production conditions, and 50 pm was confirmed to be possible under specially controlled conditions, at a small sacrifice of productivity.
